The high cemented gangue backfill (HCGB) is prepared from coal gangue, fly ash, cement and water. The effects of curing period, slurry concentration, fly ash content and cement content on the uniaxial compressive strength (UCS) of HCGB were studied by single factor and multi-level test method. The results show that: the UCS of the HCGB follows an exponential function with slurry concentration, an exponential function with curing period also, but a power function with cement content, and decreases after increasing with increasing of fly ash content.
Introduction
With "green mining" and "scientific exploration" gradually approbated by coal mining enterprises in china, filling mining is one of the trends of the future mining development [1] [2] [3] . With the development of filling mining technology, filling body stability has become important research content, directly related to the effects of filling mining and security [4] , and many scholars have made a deep research on the mechanical properties of the filling body [5] [6] [7] . Recently, Yang [8, 9] of China university of mining and technology (Beijing) proposed the high cemented gangue backfill (HCGB) method, and studied the ratio of HCGB materials. But there was no scholar to analyze the influence factors of the uniaxial compressive strength (UCS) of HCGB quantitatively, and they did not give the functions between the UCS of HCGB and influence factors.
HCGB slurry mass fraction is 75% ~ 80%, with coal gangue as aggregate, cement and fly ash as cementing materials. The factors that affect the UCS of HCGB body are concentration of slurry, cement content, fly ash content and curing time. In this research, factors affecting the UCS of HCGB body are analyzed quantitatively; the functions were studied between UCS and concentration, cement content, fly ash content and curing time.
Experimental Method
Factors affecting UCS of HCGB body basically are: content of cement, content of fly ash, slurry concentration and curing time. Based on the reference literatures [5] and [7] , in the experiment, cement was designed five variables: 6%, 7%, 8%, 9% and10%, fly ash content was designed four variables: 15%, 20%, 25% and 30%, slurry concentration was designed three variables76%, 78% and 80%, and the curing time was design four variables: 1d, 3d, 7d and 28d.
Results and Discussion
According to the test design, coal gangue, cement, fly ash and water are mixed according to the ratio in Table 1 , to form 24 groups HCGB samples, and then those samples were put into metal boxes 100 mm * 100 mm * 100 mm to coagulate. While coagulating, block of curing environment is relative humidity above 90%, and the curing temperature is 20 + 2 ℃. The UCS of specimens was tested after the data of 1d, 3d, 7d and 28d. The results as shown in table 1. 
That can be seen from table 2, the correlation coefficients of 24 groups experimental data are above 0.99. This shows that the fitting effect is well. The variation of the UCS and curing time of the filling body is exponential function relation as formula (1) . In order to further study the relationship between the UCS of HCGB specimen and curing time, the change rule and the exponential function curve between the UCS of the HCGB and curing time with different cement content and different fly ash content varies were found when the slurry concentration is 76%, 78% and 80%, as show in Fig.1 . It can be seen from the figures, with the increase of cement content, the exponential curve becomes steeper, shows the UCS growing faster; with increasing of slurry concentration, the exponential curve becomes steeper, shows the UCS growing faster; with the increase of fly ash content, the exponential curve first becomes steep and then slows down, shows the influence of fly ash content on UCS of the filling body is complex. Fig.1 Relationship of curing period and the UCS of HCGB （a） slurry concentration 76% ; （b） slurry concentration 78%; （c） slurry concentration 80%
The Effect of Cement Content. Three groups of subjects were selected, in which the content of fly ash remained unchanged at 20% and the slurry concentration were 76%, 78% and 80%. The relationship between the UCS and cement content was studied; linear fitting and power fitting were studied; complex correlation index R 2 value was obtained. The fitting results are shown in the table3. It can be seen that the power fitting is better than the linear fitting from table3, so the power function is more consistent with the effect of cement content on UCS. Curves of the variation of UCS of 7d and 28d with the cement content under the conditions of slurry concentration 76%, 78% and 80% were showed in Fig.2 . Along with the increase of the concentration of slurry, the slope of the curve becomes larger, which shows that the intensity increases more quickly, and the value of UCS is larger. Fig.2 Relationship of cement content and UCS of HCGB （a）7d; （b）28d
In summary, the relationship of the UCS of HCGB and cement content is power function. It can be expressed by formula (2). The Influence of Slurry Concentration. In order to study the influence of slurry concentration on the UCS of HCGB, the test data were divided into 8 groups, each of which was the same as the content of cement and fly ash. In table 1, A1, B1, C1 as a group, A2, B2, C2 as another group, and so on, totally eight groups. The relationship between the UCS and intensity of 7d and 28d was studied by linear fitting and exponential fitting, and the values of the complex correlation coefficient R 2 were obtained, as shown in Table 4 .
Table4 Multiple correlation coefficient（R
2 ） of slurry concentration and UCS From table 4, it can be seen that the exponential function is better than linear function with the law of the influence of slurry concentration on UCS. Fig.3 shows the curve of the change of UCS along with the concentration of the material when the curing time is 28d. Diagram (a) shows the change curves of USC with concentration of slurry in the condition of different cement content and remained fly ash content 20%; diagram (b) shows the change curves of UCS with concentration of slurry in the condition of different fly ash content and remained cement content 10%. From the diagram (a) it can be seen, with the increase of cement content, the UCS of HCGB increased gradually; from the diagram (b) it can be seen in the fly ash content of 20%, the UCS of HCGB is maximum. In summary, the effect of slurry concentration on the UCS of HCGB is exponential function. By applying the Origin for data fitting, the relation between the intensity change with slurry concentration as shown in formula (3). The Influence of Fly Ash Content. In order to study the influence of fly ash on the UCS of HCGB, the content of fly ash is set to 15%, 20%, 25% and 30%. When the cement content is 10% and the slurry concentrations are 76%, 78% and 80%, the relation curves between UCS and fly ash content are shown in Figure 4 . As can be seen from Fig.4 , with the increase of the content of fly ash, the UCS of HCGB increases first and then decreases, so the effect of fly ash content on UCS is more complicated. When the content of fly ash is 20%, the UCS reaches the maximum value, so it can be considered that the best content of fly ash is about 20%.
Conclusions
(1) The UCS of HCGB has a certain function of quantitative relationship with the content of cement, slurry concentration and curing time.
(2) The UCS of HCGB increases exponentially with the increase of curing time, of power function with the increase of cement content, and exponentially with the increase of the slurry. The maximum value of UCS is reached when the content of fly ash is 20%.
(3) In order to obtain the maximum UCS, the content of fly ash of HCGB is 20%, the cement content is 10%, and the slurry concentration is 80%.It was only considered the UCS of HCGB in this research, in fact, the rheological properties of the materials need to be further studied.
